The effect of yaw on the performance of three vane-type anemometers was determined in the wind tunnel. Observations were made for angles of yaw within a range of 35 degrees on either side of the zero position. Maximum positive errors of 1, 4, and 5.5 percent were found for the three instruments when the angle of yaw was approximately 15 degrees. The magnitude of the error depends on the design.
INTRODUCTION
The customary practice in using a vane anemometer is to mount the instrument so that the axis of rotation of the vane wheel is parallel to the axis of the fan or duct for which measurements are to be made. Usually no attempt is made to determine whether or not the air flow is parallel to the duct or fan axis, it being assumed that no appreciable error is introduced on this account. Ower 1 states, for a J?articular instrument, that the directional effects due to yaw may mtroduce errors of the order of 1 percent for angles of inclination less than about 20 degrees, but points out the uncertainties involved in drawing conclusions from the performance of a single instrument. Differences in design of anemometers constructed by different manufacturers are often encountered in practice. Hence differences in response to directional effects are to be expected, especially when the direction of air flow makes a large angle with the reference axis.
Recently, in determining the air deliveries of electric fans, the direction of air flow was found to be inclined 20 degrees or more to any plane containing the fan axis. In such cases, accurate results can be obtained with an anemometer mounted with its axis parallel to the fan axis only if the correction factor for airstream inclination is known and applied. For this reason an investigation was undertaken t o determine the effect of airstream inclination, in yaw,2 on the performance of the three vane anemometers used in the fan tests. The information may be of interest to other investigators who have occasion to use vane anemometers under unfavorable conditions of air flow.
II. DESCRIPTION OF THE ANEMOMETERS
The anemometers used in these experiments are shown in the halftone figure 1, and in the detail drawings, figure 2. The length/ diameter ratios of the cylindrical housings are 0.43 for anemometer A; 0.32 for anemometer B; and 0.59 for anemometer O. Anemometers Blade dimensions (Plan) c 0 '
-Line drawings of the anemometers.
Tbe dimensions are given as decimals of the inside diameter of the housing.
A and B are dial indicating. Anemometer 0 transmits signals electrically.
The plane of rotation of the upstream tips of the rotor vanes is 0.11 diameter within the housing for anemometer A; 0.10 diameter for anemometer B; and 0.14 diameter for anemometer 0, the inside diameter of each housing being used as a reference. The rotor vanes have plane surfaces.
, The yaw angle is defined as the angle in a horizontal plane hetween the axis of tho instrument and the direction of air flow. Since the anemometer is nearly a symmetrical instrument the effects of pitch, i. eoo of inclination in a plane normal to the yaw plane, are not expected to dilIer greatly from the elIects of yaw .
III. METHOD OF TEST
The anemometers were tested in the 54-inch wind tunnel of the National Bureau of Standards. The instrument under test was attached to a cylindrical mounting rod % inch in diameter and 3 feet long. The mounting rod was clamped to a faired strut ( fig. 3 ) fixed to the tunnel walls. The effect of the presence of the strut and clamping device was determined for each anemometer by observing the indicated velocity when the instrument was mounted various distances ahead of the strut. As may be seen in figure 4 , the effect of the strut and clamp was found to be small for positions more than 6 inches ahead of the strut. The method of mounting the anemometers, illustrated in figure 3, permitted yawing of the mounting rod through an angle of about 45 degrees on either side of the center position. Yaw settings were read on a graduated scale mounted on the clamp. The mounting screw in the base of the anemometer was maintained at a point 12 inches ahead of the strut and midway between opposite walls of the wind tunnel for all angle settings by adjusting the clamp and mounting rod. Thus the effect of the small velocity gradient in the wind tunnel was eliminated.
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The velocity indicated by each anemometer was observed for angles of yaw in intervals of 5 degrees through a range of -35 to +35 degrees. At least two observations of indicated velocity were made for each yaw setting and for each of two air velocities, approximately 800 feet per minute and approximately 1,500 feet per minute. The constancy of the air velocity through the tunnel during the tests was of the order of 1 percent. The time interval for each observation was about 2 minutes.
IV. RESULTS
The ratio of the true air velocity in the wind tunnel to the velocity indicated by the anemometer was computed for each observation. The results for anemometer Bare plCltted in figure 5 . The curves arp similar to those obtained for instruments A and O. The difference in the value of the ratio, true velocity/indicated velocity, for air velocities of 800 feet per minute and 1,500 feet per minute is characteristic of the three anemometers tested and results from the non- 
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-5 0 oS 10 lti ZO ZS ' .30 .35 Angle of Yaw (} -Degree.s linear relationship between the friction of the bearings and indicatingmechanism load and the torque applied to the vanes by the air stream. Ordinarily, corrections for this difference are made by using the calibration curve for the instrument. The ratio of the indicated velocity Vo for zero yaw, to the indicated velocity Ve for angle of yaw 8, was computed for each observation. The curves in fi~ure 6 show the mean values of Vo/Ve, all of the observations obtamed for a given angle of yaw for each instrument being used. In general, the indicated velocity increased as the angle of yaw was increased, reaching a maximum when the angle of yaw was about 15 degrees. Further increase in the angle of yaw resulted in a decrease in indicated velocity. The indicated velocity for 15 degrees of yaw, for anemometers A, B, and 0, was about 5.5, 4, and 1 percent, respectively, greater than the indicated velocity at zero yaw; for approximately 30, 27, and 18 degrees of yaw, respectively, the indicated velocity was the same as for zero yaw and for greater angles of yaw the indicated velocity was less than for zero yaw.
It will be noted from figures 1 and 2 that anemometer A which showed a maximum positive error of 5.5 percent, is substantially different in design from anemometer 0, which showed a maximum positive error of about 1 percent. For example, there is a decided difference in the shape of the vanes. Also, the dial of anemometer A exerts a blocking effect over about 25 percent of the area of the housing, while the housing of anemometer 0 is comparatively free from obstruction. Further, the length/diameter ratios of the housings are 
.JS Angle of Yaw e-Degrees different. Other dissimilarities are to be found, such as differences in wall thickness and external fittings.
A few experiments were made wherein the length/diameter ratio of anemometer A was increased about one-third by adding a cylindrical extension to the housing. The results showed a decrease of a small amount in the directional error. Hence it appears that the magnitude of the error due to inclination of the airstream depends on the design of the anemometer, and it is not possible to ascribe the differences in directional sensitivity of the instruments used to any one design characteristic.
The use of the curves in figure 6 is shown by the following example. Suppose the reading of anemometer A, corrected for the calibration error at zero yaw, to be 1,240 feet per minute. Also suppose the direction of air flow with respect to the anemometer axis to be 20 degrees. This angle corresponds to the angle 8 and usually may be determined with sufficient accuracy by means of a light thread and a protractor. Referring to figure 6, the correction factor for anemometer A when 8 is 20 degrees is 0.949. Hence the true velocity, in a direction making an angle of 20 degrees with the anemometer axis, is 1,240 X 0.949=1,176 feet per minute.
In most cases it is desired to know the component of the airstream velocity parallel to the axis of the fan or duct. This component is determined by resolving the true velocity, obtained as above, in the direction of the anemometer axis. In the example the value is 1,176 X cos 20°=1,105 feet per minute. It will be noted that the component of airstream velocity parallel to the axis of the fan is 10.8 percent less than the velocity indicated by the anemometer. To facilitate computation in similar cases, the ordinates of the curves in figure 6 may be multiplied by cosine 8 and be plotted as shown in figure 7.
v. CONCLUSIONS
The effect of airstream inclination on the performance of three vane anemometers was determined in the wind tunnel. The results show the presence of substantial directional errors within the 0-to 35-degree range of yaw angles. A maximum directional error of about 5.5 percent occurred when one of the instruments was displaced about 15 degrees from alignment with the air stream of the wind tunnel. An error of about 1 percent was observed when an anemometer of substantially the same diameter but of different design was displaced the same amount. The experiments indicate that the magnitude of the error due to inclination of the air stream depends on the design of the anemometer. WASHINGTON, September 25, 1937. 
